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Protec t ion  Branch Report o f  Test No. 6-67 

Evaluat ion o f  L i th ium Hydroxide Canisters as Mic rob ia l  F i l t e r s  

Bac ter ia l  penetrat ion evaluat ion has been completed on two 
l i t h i u m  hydroxide canis ters  designed f o r  use i n  spacecrqft.  The 
request f o r  evaluat ion by Physical Defense D iv i s ion  was made by 
D r .  Lawrence F. D ie t le in ,  Chief Biomedical Research, Manned Space 
Center, NASA, Houston, Texas. 

These canis ters  (approximately 7-t" x 74'' x 5'') are designed 
to  remove carbon d iox ide  and other gases from a i r  ins ide  occupied 
spbcecraft.  
recycled a i r  passes through a small quan t i t y  o f  charcoal i n  the  
center o f  the  can is te r  wh i l e  the  remaining a i r  passes through a 
bed o f  l i t h i u m  hydroxide held i n  place by a screen and a f l anne l -  
l i k e  fab r i c .  

They a r e  constructed so t h a t  approximately 55% o f  t he  

The quest ion posed was whether they would be e f f e c t i v e  i n  re- 
moving p a r t i c u l a t e  matter o r  microorganisms from the a i r .  Dur ing 
f l i g h t  an atmosphere conta in ing 98% oxygen a t  5 ps ia  w i l l  be c i r c u -  
l a t e d  through these canis ters  i n  the spacecraft a t  a f l ow  r a t e  o f  
35 c f m .  Our present f a c i l i t i e s  would not permit  t e s t i n g  under these 
condi t ions.  I t  was believed, however, t h a t  the  e f f i c i e n c y  o f  t he  
f i l t e r s  i n  removing one t o  two micron s i z e  p a r t i c l e s  f rom normal a i r  
a t  normal pressures would be i nd i ca t i ve  o f  b io log i ca l  p a r t i c u l a t e  
removal a t  o ther  f l ow  rates .and pressures. Accordingly, an aerosol 
o f  1. g l o b i q i i  spores (concentrat ion approximately 8.0 x 10 6 spores 

per  cu f t )  was used t o  chal lenge the can is te rs  a t  a f l ow  r a t e  o f  
12.25 cfm a t  atmospheric pressure and ambient temperature (75 F).  

Three consecutive challenges of 15 minutes dura t ion  were made 
on each canis ter .  The bac te r ia l  aerosol generator was then stopped 
but  the  a i r  f l ow  through the  canis ter  was continued f o r  16 hours. 
A f t e r  t h i s  passage, bac ter ia  were again aerosol ized and th ree  more 
15 minute challenges were made. 
and r e l a t i v e  humidi ty o f  the chal lenge aerosol were determined dur ing 
each t r i a l .  

The pressure drop across the  can is te r  
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Results o f  these tes ts  a r e  shown i n  Table I .  The data show t h a t  
t he  b a c t e r i a l  penetrat ion was extremely h igh  (40-50"/0). The data a l s o  
show an increase i n  the pressure drop and a s l i g h t  increase i n  the per 
cent penetrat ion a f t e r  a i r  passage f o r  16 hours. 
not serve t o  produce bacter ia  f r e e  a i r ;  however t h e i r  ef fect iveness i n  
a closed system i s  another matter. 

These canis ters  would 

They could be counted upon t o  remove 50"/, o f  the p a r t i c u l a t e  matter 
from 35 cu f t  of  a i r  each minute from w i t h i n  the space cabin atmosphere. 
What the  e f f e c t  o f  t h i s  would be depends upon the t o t a l  volume o f  a i r  
w i t h i n  the cabin, and the r a t e  a t  which p a r t i c u l a t e  matter and micro- 
organisms were being released t o  the atmosphere, presumably by the as t ro -  
nauts. This problem has been considered i n  '.'Air F i l t r a t i o n  o f  Microbia l  
Pa r t i c l es "  by H.M. Decker, L.M. Buchanan, L.B. Hal l ,  and K.R. Goddard, 
Pub l i c  Heal th Service Publ icat ion No. 953, U.S. Government P r i n t i n g  Off ice,  
1962, page 19. 
steady leve l  of b a c t e r i a l  contamination i s  soon reached. The d i f f i c u l t y  
o f  apply ing t h i s  model i s  t ha t  no good data e x i s t  on the product ion 
r a t e  of b i o l o g i c a l  p a r t i c u l a t e s  by the movement o f  astronauts w i t h i n  
t h e i r  confined cabin space. Thus i t  i s  d i f f i c u l t  t o  p red ic t  what the  
e q u i l i b r i u m  concentrat ion o f  microorganisms would be when the f i l t e r  
was i n  use. 

A mathematical model was developed which shows t h a t  a 
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Table I .  

B a c t e r i a l  Evaluat ion o f  L i t h i u m  Hydroxide Canisters 

Test F l o w  Rate b P  i n .  % Penet r a t  i on 
F i l t e r  No. NO cfm o f  H20 % R.H. (Ave. of  3 t e s t s )  
.- 

SN 105-2.70 1* 12.25 1 .og 46 45,2 

2* 12.25 1.13 47 50.3 

SN 105-269 l* 12.25 1.14 33 42.9 

2* 12.25 1.2 39 43.9 

>k Test made immediately a f t e r  i n s t a l l a t i o n .  

wc Test made a f t e r  16 hours passage o f  a i r  through can is te r .  



Addendum t o  Protect ion Branch Report o f  Test No. 6-67 
Dated 27 Septenber 1966 

Evaluat ion of L i th ium Hydroxide Canisters as Microbia l  F i l t e r s  

I n  Report o f  Test No. 6-67, the statement was made tha t  even though 
the b i o l o g i c a l  e f f i c i e n c y  of  t he  can is te r  had been determined, one could 
not ca l cu la te  the  f i n a l  equ i l i b r i um concentrat ion t h a t  would r e s u l t  i n  
the  cabin atmosphere when i n  use, because data were lack ing on the  r a t e  
a t  which microorganisms would be released t o  the atmosphere by the 
astronauts. Mr. Lawrence B. H a l l  has s ince furnished approximate values 
f o r  the missing data and requested t h a t  t h i s  ca l cu la t i on  be made. There 
were a t o t a l  o f  100,000 organisms per minute released by the crew, a 
cabin volume o f  300 cu f t  and 10 a i r  changes per minute. In format ion 
received from the  Manned Space Center s ta ted  tha t  t h k  f i l t e r  was rated 
f o r  35 cu f t  per minute f low r a t e  which would r e s u l t  i n  7 ra ther  than 
10 a i r  changes per minute. 
ca lcu la t ions .  

Both o f  these values were used i n  the 

A mathematical formula f o r  determining the b i o l o g i c a l  contamination 
reached w i t h i n  any enclosed space was developed and appears i n  Appendix 
D o f  PHS Report No. 953, I I A i r  F i l t r a t i o n  o f  Mic rob ia l  Pa r t i c l es "  by 
H.M. Decker, L.M. Buchananp L.B. H a l l  and K.R. Gsddard. The formula 
takes i n t o  account t h a t  personnel w i t h i n  the space are re leas ing micro- 
organisms which are then being removed by having a c e r t a i n  f r a c t i o n  o f  
the a i r  c i r c u l a t e  through a f i l t e r .  Then N, the  number o f  organisms 
per cubic  f o o t  i n  the  a i r  a t  anytime, t, Min. a f t e r  the personnel enter, 
and the  f i l t e r  has been turned on i s  given i n  the  fb l l ow ing  formula: 

Where 

V = volume of  cabin i n  spacecraft i n  cubic f e e t  

K = number o f  complete changes o f  spacecraft cabin volurne/hour 

b = t o t a l  number o f  organisrns/minute being released i n  the  space 
because o f  human presence 

a = e f f i c i ency  o f  t he  f i l t e r  



The f o l l o w i n g  values a r e  used i n  the  so lu t i on :  . 

V = 300 cu f t  

K = 7 and 10 

b = 100,000 

a = 5Vbk 

t = 1 hour, and when e q u i l i b r i u m  has been reached. 

The s o l u t i o n  i s  as fo l lows:  

Spacecraf t  Cabin Contamination i n  Organisms per  Cubic Foot 
A t  End o f  One Hour and a t  Steady S ta te  

Time 7 A i r  Chanqes/Min. 10 A i r  Chanqes/Min. 

I 
5543 3973 

>k This  f i g u r e  i s  based upon in fo rmat ion  contained i n  the  
Report o f  Test 


